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1. INTRODUCTION

We have verified a sample of TDL's operational guidance forecasts and
National Weather Service (NWS) local forecasts made at Weather Service
Forecast Offices (WSFO's). Verification statistics for objective
"final" guidance and subjective local forecasts of opaque sky cover,
precipitation type, surface wind, ceiling height, and visibility for
the cool season months of October 1975 through March 1976 are presented
here. Of the 233 stations for which we issue guidance forecasts each
day, the 92 shown in Table 1.1 were used for this verification.

TDL's forecasts were based on the Model Output Statistics (MOS) technique
(Klein and Glahn, 1974). Input to our MOS prediction equations came
from surface observations, and forecast fields from the Limited-area
Fine Mesh (LFM) (Howcroft and Desmaris, 1971), Trajectory (T.J) (Reap,
1972), and/or Primitive Equation (PE) (Shuman and Hovermale, 1968) models.

WSFO forecasts were provided to us by the Technical Procedures Branch of
the Office of Meterology and Oceanography in conjunction with the NWS
combined aviation/public weather verification system (NWS, 1973a). These
forecasts were recorded daily for verification purposes under instructions
that the value recorded be "...not inconsistent with..." the official
weather forecasts. Surface observations as late as two hours before the

first verification time may have been used in their preparation.

We obtained observed data to verify the guidance and local weather fore-
casts from the National Weather Records Center in Asheville, N.C.

2. OPAQUE SKY COVER

We calculated verification scores for guidance and local forecasts of

opaque sky cover for all the stations shown in Table 1.1. The guidance
forecasts were based on the cool season equations described in NWS Technical
Procedures Bulletin No. 124 (NWS, 1974b). These equations used forecast
fields from both the PE and TJ models to produce probability forecasts of
categories which correspond roughly to clear, scattered, broken, and over-
cast. The four-category probability estimates were converted into single
"best category" forecasts so that each category was forecast nearly as

often as it occured (see NWS, 1974c).

We transformed the local forecasts and the sky cover observations into
categories of clear (1), scattered (2), broken (3), and overcast (4) in
the manner shown in Table 2.1.

The transformed subjective forecasts and objective best category estimates
were used to prepare four-category, forecast-observed contingency tables.
Percent correct, skill score, and bias by category (i.e., the number of
forecasts in a particular category divided by the number of observations
in that category) were computed from these tables.



Table 1.1 Ninety-two stations used for comparative verification of guldance
and local aviation/public weather forecasts.

b 1o} Pbrtland, Maine TCC

i} Tueumcari, New Mexico
BIV - Burlington, Vermont 'SSM  Sault Ste Marie, Michigan
CON Concord, New Hampshire DIW  Detroit, Michigan
BOS Boston, Massachusetts SBN°  South Bend, Indiana
PVD  Providence, Rhode Island IND Indianapolis, Indiana
BUF Buffalo, New York & . LEX Lexington, Kentucky
SYR Syracuse, New York SDF Louisville, Kentucky
ALB Albany, New York MSN Madison, Wisconsin
JEFK New York (Kennedy), New York MKE Milwaukee, Wisconsin
EWR Newark, New Jeraey ~ -ORD Chicago (Ohare), Illinois
ERI Erie, Pennsylvania SP1 Springfield, Illinois
1T Pittsburgh, Pennsylvania STL St. Louis, Missouri
PHL Philadelphia, Pemnsylvania . MCI Kansas City, Missouri

CLE Cleveland, Ohio

TOP Topeka, Kansas
cm Columbus, Ohio

DDC Dodge City, Kansas

BKW Brckley, West Virginia DEN Denver, Colorado

CRW Charleston, West Virginia . GJT Grand Junction, Colorado
.DCA Washington, D.C. SHR Sheridan, Wyoming

ORF Norfolk, Virginia CYS Cheyenne, Wyoming

RDU Raleigh-Durham, North Carolina BIS Bismarck, North Dakota
CLT Charlotte, North Carolina FAR Fargo, Horth Dakota

CAE Columbia, South Carolina ) RAP Rapid City, Socuth Dakota
ATIL. Atlanta, Georgia FSD . Sioux Falls, South Dakota
SAV Savannah, Georgia BFF Scottsbluff, Nebraska
MIA Miami, Florida OMA ° Omaha, Nebraska

JAX Jacksonville, Florida - MSP Minneapolis, Minnesota
BHM Birmingham, Alabama . DSM Des Moines, Iowa

MOB Mobile, Alabama BRL® Burlington, Iowa

TYS Knoxville, Tennessee INL International Falls, Minnesota
MEM Memphis, Tennessee . . FLG Flagstaff, Arizona

MEI ~ Meridian, Mississippi : PEX  Phoenix, Arizona

JAN Jackson, Mississippi h coc Cedar City, Utah

MSY New Orleans, Louisiana. - SLC Salt Lake City, Utah
SHV Shreveport, Louisiang LAS Las Vegas, Nevada

IAH Houston, Texas . RNO ‘Reno, Nevada

SAT San Antonio, Texas . SAN San Diego, California
DFW Forth Worth, Texas . LAX Los Angeles, California

ABI Abilene, Texas

FAT Fresno, California
LEB Lubbock, Texas

SFO San Franeisco, California

ELP El Paso, Texas : PDX Portland, Oregon

LIT Little Rock, Arkansas C PDT Pendleton, Oregon

FSM Fort ' Smith, Arkansas ) SEA Seattle (Tacoma), Washington
TUL Tulsa, Oklahoma GEG Spokane, Washington

OKC . Oklahoma City, Oklahoma - . BOI Boise, Idaho

ABQ Albuquerque, New Mexico _PIH Pocatello, Idaho

GTF CGreat Falls, Montana : MSO Missoula, Montana




Table 2,1 Categories used to verify opaque sky
cover forecasts.

__\_\.___________________

Category Number Tenths of Opaque Sky Cover

0-1
2-5
6-9

10 (Includes Obscured)

N =

Tables 2.2-2.6 show the Comparative verification scores for October
1975 through March 1976 for three different Projections. The guidance
forecasts were made from 0000 GMT data and projections were 18, 30,
and 42 hours; however, the 18-hour forecasts used 0500 GMT surface ob-
Servations in addition to forecast fields from the numerical models.,

Table 2.2 is g summary of the results for all the stations combined.

The percents correct and skill scores indicate that the local and guid-
ance forecasts were about equal overall for the 18-hour projection. How-
ever, the guidance forecasts were superior to the local estimates at 30
and 42 hours. The bias by category scores show that the local forecasts
Strongly overestimated Scattered conditions, and to a lesser extent
broken clouds. The guidance forecasts were much better in this respect.

Tables 2,3-2.¢ give the verification scores for the NWs Eastern, Southern,
Central, and Western Regions, Tespectively. These results exhibit the
same characteristics as those for all 92 stations combined; except for
the Western Region (see Table 2.6) where the 18-hour local forecasts are
mlore accurate and skillful than the guidance estimates,

In general, these findings are quite similar to those from our previous
comparison study of guidance and local cloud forecasts for December 1974
through March 1975 (Carter, 1975).

3. PRECIPITATIGN TYPE

TDL's system for predicting the conditional probability of frozen pre-
cipitation (PoF) has been operational within the NWS since November 1972,
The evolution of the PoF system is described in detai] by Glahn and
Bocchieri (1975) and Bocchieri and Glahp (1976).

Bocchieri and Glahn (1976) give the verification procedures used to
compare the MOS Por guidance forecasts with the local predictions. The
Paper includes comparative verification results for February through
April 1974 and November 1974 through February 1975; the Mos forecasts



(68%%) (T€L2) (190¢) (Loew)
88TCT oo 6€ €970 6T 98T 85°0 " IYI01 :
9z2°0 ., 9% . | 901 £ 98°0 68°0 60°T ~ IINVaIng ch
. : | (88L%) (795T) | (€66T) | (z0z9)
. 820 LY 0£°0 06°T 60°7 89°0 - %907 0¢
se0 |- LS 90°T 78°0 SL0 80T JINYAINg <
. ﬁm@qu Amommu ﬁmmomV Aommﬁv
S £€°0 0s _ mm 0 TeE™] LY T €L°0 Jquoq
Z€°0 0s 20T €60 80 TI°1 JINVAINg 8T
. ] 740 *ON) [(890 TON)[("5q0 “ON)| (*590 ~OR)
SEN A J40IS | 1239407 LY € 1Y) | ¢ 1Y) [ 1% 1S¥23404 (SHNOH)
30 "ON | TINS | INIoyId SE0 "ON/LS24 *ON - sy1g 40 3dAL NOI193roYd

"9L6T UdIBR yInoayy /47
1290300 3utanp S93B31§ P93TU) Byl ssoiode SUOTIBIS 76 10T (3IsSBOIDA0 pPue ‘usyoiaq ‘peaxsijess ‘aeaTd) 3Junous
PNOT2 3Jo sarzo8e31ed 1nog 30 s3sed9103 sduepTng ®AT399[qo pue TeooT 9AT3IOalqns 103 sa100s UOTIBOTITI®A 2°Z 2Tqel



(LEET) (669) (90£) (1%8)
e 6T°0 6¢ B 95°T | 6L°T €0 | Y00 7
7270 9 | w60 £0°T L6°0 ~ IINVaINg
| - (005T) (186) | (vvw) | (sszD)
e 82°0 | LY 2L°0 26°1 50°2 89°0 Y907 0 |
90 |- 8¢ 90° T 8470 (270 .| 80°1 JINVAIN9 -
(LzET) | (vor) | (otL) (6£8)
€0 6v . | L0 0%°1 67°1 29°0 YI07
oes 0€°0 67  €0°T 96°0 z0°1 860 JONYAIN9 81
| (540 oN) (590 ~ON)[("S90 ~OR)| (*590 N
SENA J403S | 1IFYY0I e l¥d (€10 | 2 1Y) [ 1Y) 1SYI 304 (SH¥N0H)
40 "ON | TIINS | IN3YId SE0 'ON/LSI4 *ON - svIg 40 3dAL NOILI3r0Yd

e —

"9L6T UYOPIBW YSnoayl /6T
19qe300 Buranp SMN @Yl Jo uorSey uielsey 9yl UT SUOTIBIS gZ I0J (ISEDIIA0 puB ‘Usyoiq ‘Paialzeds ‘Iead)
junowe PnoTd JO S9TI0893BD INOJ JO SISEI310] 9OuBpIng 29ATI09[q0 pue TeOOT 9ATID=[Qns 103 S$9109s UOTIBDOTITISA € 7 °TQRL



(€06) (£69) (€61) (76ST)
e 020 0 S€*0 6T°T 0T°2 €L°0 V0T
820 8y 16°0 20T 880 0T"T JINYAIN9 4
_.ﬁ@mwv (TL€) (LLw) (9122)
e 62°0 49 L5°0 69°T 62°C 8.0 19707 o
v€°0 ° 09 70° T 16°0 28°0 %0°T JINVAIN9 _
(868) | (899) (882) (085T) |
cec €0 zs LS°0 87" 1 1S°T %80 Y207
€0 € 980 10°1 960 11 INVAING 8T
[*Sq0 “ON) [(890 ‘ON)[(*S90 ‘OoN) ﬁ.mﬂo *ON)
NENA) J403S 130D Rel¥d 1€ 1¥d | ¢ IV T 1Y) 1S¥I3M04 (SYNOH)
40 'ON | TUNS | IN3oy3d S0 *ON/LSJ4 'ON - svId A0 3dAL NOILI3r0yd

o

"9L6T YdIBR ysnoayl /6T 212490310
SuTanp SMN Syl JO UOT33Y UIIYINOS DYl UT SUOTIRIS H7 I0] (3sedaaa0 pue ‘usyoiq ‘pai93leds ‘IeaTd) Junoue
PNOTD JO S2T108923BD INnOJ JO s3IsedaxoJ adueprng aaridalqo pue TE20T 2AT309[qns 10J S°9100S UOTIBOTITI3A  H°Z 3TqQBlL



, (0S%T) (808) (0L6) (yawL) o
S ST°0 o3 €470 L9°T L6°T 90 " IYI0T | 7
zzo €y €T " ZL0 LLO LT°'T . JINYTIN9
(86ST) (T9%) (869) (006T)
stk €2°0 . zh .70 2 Gt evrr .| - g6 Y207 ¢
€e*0 " |- 9s 00°T 6L°0 99°0 . ST'T JINYAINY
- (0S%T) (908) (066) (75%T)
- 820 97 . 9870 ZE"L 65T 950 901 -
0€°0 67 - 80°T £8°0 ¥L°0 LT JINYAIN9
"S840 "oN) [(890 “ON)[("Sd0 -oN) ﬁ.wno *ON)
NENA) J403S [ L1I3WY0) W) (€ 1Y) | Z 1Y) [ 1Y) 1SYIRI04 (SUN0H)
20 CON | TIINS | INIwAd SE0 *ON/LS)4 'ON - Sylg 40 3dAL NOILI3r04d

!
"9L6T YoIBR ynoayl ¢/gT
13q031d50 Suranp gMN =y3 joO uordsy TeijUS) BYI UI SUOTIBIS @7 1037 (3ISBOIBAO pue ‘usyo1q ‘psislieds ‘1e312)
JULOWE proTd 3o satiosezed AN0J 3JO S3SBD910J SDUBPINS 9ATI09Lq0 pue TeOOT @AT30a[qns 10¥ S$3102s UOTIIBOTITIOp G*Z 2Iqel






were shown to be generally more accurate for both samples. One of our
concerns in the verification was that, because of the conditional nature

of the forecasts, there were many cases when the forecasters may not have
put much effort into making the forecast. That is, if a forecaster

decided that the probability of precipitation (PoP) was small, he may

have been reluctant to put much effort into making a forecast of precipitation
type. To get insight into this, we did another comparative verification

in a different manner. In our paper, we divided the verification into

two parts, A and B. TFor verification A, we included all cases, both the
obvious and the difficult. In verification B, we included only those

cases when the guidance and local forecasts of precipitation type differed;
therefore, some of the more difficult forecast situations were isolated.

In all verifications, we could include only cases where precipitation
actually occurred. However, we did not account for the fact that the fore-
caster's assessment of the PoP may have been small or zero in some of the
cases.

In order to isolate those cases when the forecaster would have been more
confident that precipitation was to occur, we repeated verification B but
used~only the cases when the local PoP forecast was greater than or equal
to certain ecritical values--0, 30, 40, and 50%. The PoP values were
valid for the 12-hour periods centered on the 18-, 30-, and 42-hour pro-
jections, which were used in the comparative verification. The sample
consisted of data from the period November through April 1975. The re-
sults showed that as the PoP value increased, the percent correct for the
local forecasts generally increased for all forecast projections. However,
the percent correct for the guidance was still higher than that for the
local forecasts for all projections and PoP values. Based on these re-
sults, we concluded that the forecasters became more diligent and thus
more accurate in their precipitation type forecasts as their estimate of
the PoP increased.

Tables 3.1 and 3.2 show the verification results for October 1975 through
March 1976 for verifications A and B respectively. The sample includes
only cases when the local PoP was 30% or greater. We included all stations
listed in Table 1.1 except for Newark, N.J.; New York, N.Y.; Burlington,
Iowa; and Chicago, Ill. Local PoP data were not available for those stations.
For verification A (Table 3.1),we computed verification scores for each

NWS region and for all 88 stations combined. In verification B (Table 3.2),
verification scores are not provided for each NWS Region because of the
small number of cases involved. Also, in verification B, only the percent
correct was computed because the other scores would not have been very
meaningful for this specialized sample.

The results for verification A can be summarized as follows:

a. For all stations combined the guidance was better than the local
forecasts for the percent correct and skill score for all pro-
jections. Guidance had a tendency to overforecast the snow event
(bias > 1.00); the locals showed a tendency to underforecast snow
(bias < 1.00).



Table 3.1

Comparative verification of "final" p
by NWS Region for Octobe

oF guidance and local

forecasts

r 1975 through March 1976 (verification A). Only
cases when local PoP was > 30%Z were included.
\ Number
Projection Region System Bias Percent Ski11 of
(irs) Snow Rain Correct Score Cases
Guidance 1.06 .95 90 .81 -
Eastern Local .86 1.32 87 74 s
Guidance .83 1.01 97 «53
Southern Local .50 1.02 98 .66 173
Guidance P .82 90 .79
18 Central Local 91 1.13 87 .74 L
Guidance 1.01 .99 94 .88 192
Western Local .89 1.07 91 .79
All Guidance 1.08 .94 92 .84
Stations Local .88 1.09 89 .78 1274
-
. Guidance 1.09 <93 90 .79
Eastern Local 1.01 1.00 87 13 432
Guidance 57 1.02 96 .34 i&h
Southern Local .71 1.01 a6 48
: Guidance 1.10 .83 86 .70
30 Central Local .99 1.01 82 .62 458
Guidance 1.07 .97 90 78 .
Western Local .88 1.06 86 .67 183
All Guidance 1.09 .98 89 .78 1257
Stations Local .98 1:05 86 M
Guidance 1.02 .98 87 A
Rastern Local .90 1.08 80 .60 464
Guidance 1.00 1.00 100 1.00 134
Southern Local .67 1.01 98 .39
Guidance 1.09 .85 86 .69
42 Getarad Local .95 1.09 83 .64 34
) Guidance 1.07 .96 91 .81
Western Loval 91 1.05 90 27 198
All Guidance 1.06 .95 89 .78 1130
Stations Local L92 1.06 85 .69

10



Table 3.2 Comparative verification of '"final" PoF
guidance and local forecasts for October 1975

through March 1976 (verification B).

Only cases

when local PoP was > 30% were included.

Projection t Percent Number of
(Hrs) Forecast Correct Cases
18 Guidance 61
Local 39 152
30 Guidance 66
Local 34 122
42 Guidance 67
Local 33 134

11



b. In the regional breakdown, the guidance was generally better
than the local forecasts for the percent correct and skill
score for all projections. Exceptions to this appear for the
Southern Region for the 18- ‘and 30-hour projections where
the local predictions were slightly better. Again the guidance
showed a tendency to overforecast snow, while the local pre-
dictions tended to underforecast snow. The local forecasts
were less biased than the guidance for the Central Region for
all projections and for the Eastern and Southern Regions for
the 30-hour projection.

c. Percent correct and skill scores were rather high because the
sample contained many cases when the form of precipitation would
be rather obvious.

For verification B (when the local and guidance forecasts differed), the
guidance was correct 60% to 70% of the time for all stations combined and
for all projections.

The above results are quite similar to those found for the period November
1974 through February 1975 by Bocchieri and Glahn (1976).

4. SURFACE WIND

Guidance and local surface wind forecasts also have been comparatively
verified for the cool season of 1975-76. The guidance forecasts were
generated using the cool season linear regression equations described in
NWS Technical Procedures Bulletin No. 98 (NWS, 1973b). Most of the pre-
dictors in these equations were forecast fields from the PE model. The
definition of this objective wind forecast is the same as that of the ob-
served wind: namely, the one-minute average direction and speed for a
specific time. :

Since the local forecasts were recorded as calm if the wind speed was
expected to be less than 8 knots, we verified these forecasts in two ways.
First, for all those cases where both the local and guidance wind speed
forecasts were at least 8 knots, the mean absolute error (MAE) of speed

was computed. Cases where the observed wind was calm were then eliminated
from this sample and the MAE of direction was computed. Secondly, for

all cases where both local and guidance forecasts were available, skill
score, percent correct, and bias by category (i.e., the number of forecasts
in a particular category divided by the number of observations in that
category) were computed from contingency tables of wind speed. The seven
categories were; less than 8, 8-12, 13-17, 18-22, 23-27, 28-32, and greater
than 32 knots. Tables 4.1-4.11 show comparative verification scores

for three projections. These are 18, 30, and 42 hours for the guidance
forecasts which were made entirely from 0000 GMT cycle data. It should
also be noted that all the objective speed forecasts were "inflated" by

the method described in NWS Technical Procedures Bulletin No. 137 (NWS, 1975).
Specifically, each forecast of speed was adjusted by an equation involving
the multiple correlation coefficient and the mean value of wind speed for

12
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that particular station and forecast valid time.

Statistics for all 92 stations (see Table 1.1) combined are shown in
Tables 4.1 and 4.2, The MAE scores for direction in Table 4.1 reveal an
advantage for guidance that increases from 3° at 18 hours to 6° at 30

and 42 hours. The mean error, skill score, and percent correct of speed
forecasts are generally better for guidance at all three projections, but
these scores do not exhibit the relative improvement of guidance with
longer projections that is shown for the direction forecasts. The in-
dividual biases by category shown in Table 4.1 and the contingency tables
in Table 4.2, show that both guidance and locals tend to underforecast
winds greater than 32 knots (category 7).

Tables 4.3-4.6 give verification results for the NWS Eastern, Southern,
Central, and Western Regions, respectively. The regional values have the
same general characteristics as those for the overall average except for
the Western Region (see Table 4.6) where the comparative scores are very
close for all three projections.

These results are similar to those associated with our previous verification
study of guidance and local wind forecasts during the cool season of 1974-
75 (Carter and Hollenbaugh, 1975). However, the bias characteristics for
the guidance forecasts have been improved considerably by use of the in-
flation technique. There has also been a slight decrease in overall

skill for the guidance forecasts of wind speed as a result of the inflation
adjustment.

Table 4.7 shows the distribution of wind direction MAE's by categories—-0-30°,
40-60°, 70-90°, 100-120°, 130-150°, and 160-180°--for all 92 stations com-
bined. Here, the guidance had fewer errors of 40 degrees or more for all
three projections. .

The distribution of direction MAE's for each region are given in Tables
4.8-4.11. These results are like those in Table 4.7; however, once again
the Western Region 18-hour local forecasts had slightly fewer errors of
40 degrees or more (see Table 4.11).

5. CEILING AND VISIBILITY

We computed verification scores for these two elements from guidance and
local forecasts at both the 0000 GMT and 1200 GMT cycles for all 92
terminals shown in Table 1.1. Our guidance forecasts were generated from
the cool season equations described in NWS Technical Procedures Bulletin
No. 120 (NWS, 1974a). The equations are made up of predictors from sur-
face observations, the PE model, and the TJ model.

We also computed verification scores for persistence forecasts of ceiling
and visibility for the same group of terminals. Persistence forecasts
were determined from the last surface airways observation available to
the WSFO forecaster before the aviation terminal forecast (FT) filing
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deadline. The ceiling and visibility values which existed in that ob-
servation were used for each verification time that followed.

Our guidance forecasts are expressed as the probability of each of five
categories for both ceiling and wisibility; the category definitions are
shown in Table 5.1. The probability forecasts are transformed into a
categorical forecast and presented as the "best category" in the forecast
message. The transformation is made such that the verification score for
the NWS scoring matrix (NWS, 1973a) is maximized. For comparative verifi-
cation, we used this categorical forecast since the local and persistence
forecasts are for specific values of ceiling and visibility, which can be
assigned to a category for direct comparison.

Table 5.1 Ceiling and visibility categories used for MOS
five-category aviation guidance forecasts.

‘Category Ceiling (ft) . Visibility (mi)
1 < 100 < 3/8
2 200-400 1/2-7/8
3 500-900 1-2 1/2
4 1000-1900 3-4
5 > 2000 >5

Our MOS system generates ceiling and visibility guidance forecasts for
projections of 12, 18, 24, and 30 hours from the numerical model runs

at both 0000 GMT and 1200 GMT; we have computed verification statistics

for the first three projections. FT's are expressed in a form which covers
all hours of the 24-hour period for which they are valid; officially, they
are verified at 12, 15, and 21 hours after 0000 GMT or 1200 GMT. Therefore,
direct comparison between the guidance and local forecasts was possible
only at the 12-hour projection.

For all the forecasts involved in this comparative verification, we con-—
structed contingency tables which were then used to compute several
different verification scores: bias by category, percent correct, and the
NWS matrix score. We have summarized the scores in Tables 5.2 through 5.5;
each table covers one element for one cycle time, for all forecast systems,
arranged by projection.

For 12-hour projections, the tables show persistence and local forecasts
were superior to our guidance forecasts for both elements at both cycles,
all scores considered. We have encountered results like these in previous
comparative verifications of ceiling and visibility for this projection
(e.g. Crisci, 1976); they occur because of the advantage persistence and
the local forecasters have over the MOS system for the first projection.
The last observation which the local forecaster sees before the FT filing
deadline is two or three hours (depending on the cycle and region) before
the first verification; the same observation is used for the persistence
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Table 5.2 Comparative verification of persistence, MOS guidance, and local
ceiling forecasts, 0000 GMT cycle, for the period October 1975-

March 1976, for 92 stations.

matrix score.

PC is percent correct, MS is NWS

Br?g?;tion ‘Type Bias by Category ~ pC -

r g . ]
1 2 3 4 5

Guidance . .46 .66 .80 1.01 1.04| 81.1  64.5

12 Persistence . .83 .81 .97 .95 1.02|85.8  67.0

Local .65 .80 .94 1.17 1.01| 84.3  66.5

Local .51 .55 .70 1.14 1.04| 80.9  64.8

— Parsistence 1.24 .86 .81 .87 1.03| 80.7  64.6

e Guidance .00 .26 .59 1.13  1.04( 82.7  65.2

Persistence 3.49 1.33 1.03 .91 .99 79.4 63.8

21 - Local .52 .32 .57 .99 1.03| 86.0  66.1

Persistence 5:33 1.78 1.26 1.06 .95) 80.0 63.6

24 Guidance K s SN, | WA .84 1.05| 86.9 65.9

Persistence - 4,12 1.69 1.30 1.26 <941 79.0 62.9

26




Table 5.3 Comparative verification of persistence, MOS guidant:e, and local
visibility forecasts, 0000 GMT cycle, for the period October 1975~

March 1976, for 92 stations. PC is percent correct, MS is NWS
matrix score.

Projection _Ty‘pe Bias by Category . PC o
(Hr) : .

: 1 2 3 4 5
Guidance . .38 .63 .70 .74 1.06 |84.3 64.7
12 Persistence. | :.73 .89 .73 .83 1.04|87.5 66.7
Local .58 1.17 .64 1.56 1.00|85.1 . 66.3
Local .45 .57 .40 1.19 1.05| 82.9 64.7
15 Pavetstunce | 106 .98 59 77 1405 ] 83.0 64.5
% 3a Guidance | .09 .17 .47 .87 1.05| 87.6 65.7
Persistence: 2.68 1.00 .77 1.11 1.00{ 84.1 64.5
o 3 Local .26 .29 .39 1.29 1.03] 88.8 66.4
' Persistence 3.35" 1.27 .91 1.28 .98 | 84.4 64.3
2% Guidance _ - .00 .00 .19 .89 1.05| 90.4 66.7
Persistence - 3.45 142 1.:16 1.25 .97 1| 84.3 64.3
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Table 5.4 Comparative verification of

1200 GMT cycle,
. March 1976, for 92 stations.

ceiling forecasts,

matrix score.

persistence, MO

S guidance, and local
for the period October 1975-
PC is percent correct, MS is NWS

=

- : 2 Bi by Cart ~ )

Projection Type l1as by Category PC us

(Hr) _ (
| 2 3 4 5

Guidance .29 .73 .70 1.07 1.02].87.1 . 66.5

12 Persistence . .90 .91 1.00 1.12 .99| 90.0 68.0
Local -40 .75 .85 1.17 1.00| 89.8 67.9

1

Loeal .33 .70 .78 1.30 1.00| 86.7  66.7

15 Parsistence 56 .78 .90 1.12 1.00| 86.2 66.4

- w4 Guidance ~ .03 38 .67 .95 1.05] 83.8  65.0
Persistence .37 .69 .80 .97 1.03| 83.3  65.0

% Local -30 .58 .95 1.38 1.00| 80.5 64.3
Persistence .25 253 .80 .93 1.05 80.6 63.6

24 Guidance 13 .18 .82  1.07 1.06| 79.6  63.1
Persistence. | .20 .44 .75 87 1.07| 78.4  62.2
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Table 5.4 Comparative verification of persistence, MOS guidance, and local

March 1976, for 92 stations.
matrix score.

ceiling forecasts, 1200 GMT cycle, for the period October 1975-
PC is percent correct, MS is NWS

Projection

Bias by Category

C T 3

ey ype PC MS
1 2 3 4 5

Guidance :.29 .73 .70 1.07 1.02| 87.1 = 66.5

12 Persistence. | ..90 .91 1.00 1.12 .99| 90.0  68.0

Local .40 . .75 .85 1.17 1.00| 89.8  67.9

Local .33 .70 .78 1.30 1.00| 86.7  66.7

15 O — .56 .78 .90 1.12 1.00| 86.2  66.4

$on Guidance | .03 .38 .67 .95 1.05] 83.8  65.0

B Persistence .37 .69 .80 .97 1.03] 83.3  65.0

)1 - Local . .30 .58 .95 1.38 1.00| 80.5  64.3

Persistence .25 .53 .80 .93 1.05| 80.6  63.6

2% Guidance .13 .18 .82 1.07 1.06] 79.6  63.1

Persistence - .20 .44 .75 .87 1.07| 78.4  62.2
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Table 5.5 Comparative verification of persistence, MOS guidance, and local
visibility forecasts, 1200 GMT cycle, for the period October 1975
March 1976, for 92 stations. PC is percent correct, MS is NWS
matrix score.

— - - Bias by Catego ~ ;

?rc(:ﬂit);t;on Type . b g ry PC MS
1 2 3 4 5

Guidance _ [ ..17 .28 .72 1.35 1.01| 90.2 67.1

12 | Persistence. | :.89 1.21 1.21 .89 1.00| 92.2 8.1

Local | 1259 % 277 . .82  1.48 99| 91.7  68.1

Local .49 1.02 .96 1.69 .98| 89.4 67.3

1o Parsistence 74 1.39 1.33 .88 .99| 90.1 67.0

= Guidance C-110 .19 .32 1.14 1.04] 89.1  66.3

Persistence: .43 1.05 1.09 .84 1.01 87.8 65.9

2" o Local .36 .81 1.13 1.94 .96| 83.2 64.9

' Persistence 29 .79 1.04 .72 1.03| 85.5 64.7

2% “Guidance .11 .06 .38 1.08 1.07| 83.5 63.9

Persistence - .19 .72 id 2 .63 1.07 82.1 63.0
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forecasts. The MOS equations use, in addition to the numerical model fore-
casts, predictors from surface observations taken seven hours prior to the
valid time of the first projection. This is necessary because of time
constraints imposed by operational deadlines. Therefore, persistence and
local forecasts use data which are four to five hours more recent than the
MOS system——this handicap is too much for our guidance forecasts to over-
come in the first projection. Indeed, even the local forecasts lost to
persistence across the board for what is considered to be a short-range
forecast.

Eighteen-hour and 24-hour MOS guidance forecasts were better overall than
persistence, in terms of PC and MS. This was particularly true in the
0000 GMT cycle when persistence can be saddled with an early morning
ceiling or visibility condition that has a much lower frequency of occur-
rence in the afternoon and evening hours and is therefore less likely to

verify.

Our MOS guidance forecasts displayed the same bias characteristic we have
seen before——very few forecasts of the lower two or three categories,
especially at the 18- and 24-hour projections. We have addressed this
feature in the recent past (Crisci, 1976) and we expect to reduce the pro-
blem in the near future with the use of threshold probabilities. Notice
that 18- and 24-hour persistence forecasts in the 0000 GMT cycle are also
quite biased for the lower two or three categories, but in the opposite
sense—far too many forecasts. This occurs, of course, for the reasons
discussed in the previous paragraph. In the 1200 GMT cycle, persistence
forecasts have generally better bias scores than our guidance forecasts,
for all projections.

6. CONCLUSIONS

This verification shows that, overall, TDL's aviation/public weather

guidance forecasts compare very favorably with local forecasts produced

at WSFO's. In particular, automated guidance is substantially better than

the local predictions for opaque sky cover and surface wind for the 30- and
42-hour projections, and for precipitation type for all projections. While
both the objective and subjective estimates of ceiling and visibility are
poorer than persistence forecasts for the initial (12-hour) projection, they
are generally more accurate for longer periods. However, the bias character-
istics of the objective estimates are unsatisfactory and will require improve-
ment to meet the needs of users of these two products.

ACKNOWLEDGMENTS

We wish to thank the Technical Procedures Branch of the Office of Meteor-
ology and Oceanography for providing us with the local forecasts, and
especially Gerry Cobb of that Branch who processed the data. We are also
grateful to Harry Akens, Fred Marshall, and Dean Costantinou of the
Techniques Development Laboratory for assistance in archiving the guidance
forecasts and error-checking the observations used for verification.
Additional thanks are extended to Mary Battle for typing the text and the
many tables shown in this report. -

30



REFERENCES

Bocchieri, J. R., and H. R. Glahn, 1976: Verification and further
development of an operational model for forecasting the probability
of frozen precipitation. Mon. Wea. Rev., 104, 691-701.

Carter, G. M., 1975: Comparative verification of local and guidance cloud
amount forecasts--No. 1. TDL Office Note, No. 75-7, Techniques
Development Laboratory, Silver Spring, Md., pp. 8.

, and G. W. Hollenbaugh, 1975: Comparative verification of local
and guidance surface wind forecasts——No. 3. TDL Office Note, No.
75-9, Techniques Development Laboratory, Silver Spring, Md., PP. 13

Crisci, R. L., 1976: Improving the bias in MOS ceiling and visibility
forecasts. TDL Office Note, No. 76-4, Techniques Development Labor-
atory, Silver Spring, Md., pp. 8.

, G. W. Hollenbaugh, and D. J. Vercelli, 1976: Comparative ver-
ification of guidance, local, and persistence forecasts of ceiling
and visibility--No. 1. TDL Office Note, No. 76-11, Techniques
Development Laboratory, Silver Spring, Md., pp. 8.

Glahn, H. R., and J. R. Bocchieri, 1975: Objective estimation of the

conditional probability of frozen precipitation. Mon. Wea. Rev.,
103, 3-15.

Howcroft, J., and A. Desmaris, 1971: The Limited Area Fine Mesh (LFM)
model. NWS Tech. Proc. Bull., No. 67, pp. 1ll.

Klein, W. H., and H. R. Glahn, 1974: Forecasting local weather by means
of model output statistics. Bull. Am. Meteor. Soc., 55, 1217-1227.

National Weather Service, 1973a: Combined aviation/public weather forecast
verification. National Weather Service Operations Manual, Chapter
c-73, pp- 15.

, 1973b: Surface wind forecasts based on model output statistics
(MOS)--No. 3. NWS Tech. Proc. Bull., No. 98, pp. 6.

, 1974a: The use of model output statistics for predicting ceiling
and visibility. NWS Tech. Proc. Bull., No. 120, pp. 10.

, 1974b: Cloud amount forecasts based on model output statistics
(MOS). NWS Tech. Proc. Bull., No. 124, pp. 9.

, 1974c: Cloud amount forecasts based on model output statistics
(MOS)--No. 2. NWS Tech. Proc. Bull., No. 125, pp. 6.

, 1975: Warm season surface wind forecasts based on MOS--No. 4.
NWS Tech. Proc. Bull., No. 137, pp. 6.

31



